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Introduction

Dynamical evolution of Galaxies

To understand how galaxies transtorm from
one dynamical state to another we explore the

connection between internal dynamics and

SE-quenching processes in CALIFA and
EDGE samples.

CALIFA survey (IFU survey, 667 galaxies):
Sanchez et al. 2012

EDGE survey (CO follow-up of CALIFA,

- 126 galaxies): Bolatto et al. 2017
The Seyfert galaxy NGC 1097. Image ESO/R. Gendler.



Dynamics across Hubble sequence

CALIFA data and dynamical model s00 =VCs of 238 galaxies / Hubble type
mm El-E3 Sab B Sc
V25 [km s '] VMOD (km 7] RES, RES=0.05 & —— A ) — o

a0 120 a0 120 0.0 0.4 0.8

alcsec

] IFU . Dynamical model goodness
observations (JAM) of the fit

*SDSS Photometry + Fitting the second velocity
moment (Vrms**2=V*"*2+0**2) via MCMC —>
modelling the gravitational potential of the galaxy

—> obtaining CVC | | | R/R.
*Derived Circular Velocity Curves (CVCs) of 238 CALIFA
galaxies with various shapes and amplitudes

Kalinova et al., 2017, MNRAS, 469, 2539

CALIFA survey: Sanchez+2012



Circular Velocity Curve (CVC) classification

Main PC Eigenvectors of V, Reconstructed V, via PCA

1207 | 4007 - 1) Principal Component Analysis (PCA)
100 / TS Uy (98.33%) . : NGC7671 :
= g0 el 7% ; Reconstruction of CVC:
€ 60" ) 1~ 300/ - Vc = VC,mean +
S 4., E oeiiioe  PCacoar ; PC1 ¢ ul +PC2°+u2+PC3°u3
e o 0, (0.87%) | > 200 PC2=-2.50 PC5= 0.84 -
S | ' : PC3=-1.92 : + PC4 - u4 + PC5 - ub5
n o[ 200 | -
20, 150l ; ul and u2 - major contribution (~99%)
02 04 06 08 10 12 14 02 04 06 08 10 12 14
R/R, R/R,
, Principal C_omponent Apalysig 5 k;means clustger ana!ysis | 2) Clustering analysis
= Eig o ssgc ® Slow-rising
S0-S02 M SC B Flat . .
1 P ® .00 - Ll & Round-peaked K-means clustering analysis on the PC1-PC2
Sab - Sd-S?m A A Sharp-peaked |

plane through Hubble type (left) labels 4
groups of CVC profiles (right)

Each data point is assignhed to its nearest
centroid (center of the cluster), based on
the squared Euclidean distance.

T o T 2 3 T o T 2 3 Kalinova et al., 2017, MNRAS, 469, 2539



CVC classes: Prototype curves
_Prototype CVCs

238 profiles via CVC class ,

600 , |
mm Slow-rising
mmm Flat
Round-peaked
500 | mm Sharp-peaked || 400 +

300

200

V. [kms—!]

100

- Slow-rising Round-peaked
; - = Flat -+=  Sharp-peaked
0.2 0.4 0.6 0.8 L0 12 14 02 04 06 08 10 12 14
R/R. R/R.
CVC Classification from early- to late-type *4 Prototype curves: Slow-rising (SR), Flat (FL), Round-
galaxies after the application of PCA and k-means peaked (RP), Sharp-peaked (SP) classes

cluster technique
*CVC classes strongly reflect the degree of central mass
Kalinova et al., 2017, MNRAS, 469, 2539 concentration



[ = N
o w o
1 T 1

Re [kpc]

w

o

W
w

log -

o
w
T

=
o

qu (0.5 Re)

Vcire, max

95+

8.0 | |

] : A ’ . 11.5 : B : —
stat: 238 gal : . ' 10
’ - i [ H =1o.88‘
: qs sl B0 5300 0 51 ! | 3
| H ! X -
! 6 oo . H 0.6
- h..;l U e —_ ~
T ! 2 Bl
' 6.30 "
= 466- 449 | _Q' Gitil - 02}
i ms 4 | stat: 238 gal
' ' 8.5 ' 0.0
SR FL RP SR FL RP 53
CVC Class CVC Class
E : : 12.0 F : 10.5 :
o 115} — N i
) ¢ E | ‘ s i ——11.2J 100
g __ : - *® 110 =+ - l 10.89 1
| l ZJﬂBII'I : 0.70 i .
[  PEA . 2 105} - '
- F : o - -10.12 : - 90r
2.00 — ! bl) O =
e = =) - 85/
I 9.5
_E_ 9.0f |
i ]Stat: 212 galI . L stat: 212 gal .
SR FL RP ) SR FL RP SP ’
CVC Class CVC Class
: | : : 300 : . J " :
" stat: 235 gi stat: 235 gal 0 L4y
3 Y zof s w12
R - N
1 : ' 200} + : - 6 1.0}
+ 1 ' :
0 : : ; l"! 'r ~—
. — : 153.84 L 0.8
4.60 62.78 @ * S‘
IIII N’ _r IIIIL631 ;;;’> 0.6 -
w100} _
l = ;o 0 — 04T
z - 0 = T 02}
== L i " 0 . ' s . 0.0
SR FL RP SR FL RP SP
CVC Class CVC Class
: : M : 12.5 . . N . . 12
stat: 238 gal - ‘ stat: 238 gal _
i s : 12.0 : ' -
-) i 2 S i
K3 = 115} — ' ! - =
- -1 11.28 !
. =5 Vo
i = 302.18 — 2 1.0l e ! 1 .
= -38'15 ; -10.76- o ~
I -—73.11- - bﬂ 10.5¢ ! - ' 2 '
i a IJEEE: 10.0 f;_ o
1 1 x ‘ 9.5 L 1 L . 0
SR FL RP SR FL RP SP
CVC Class CVC Class

@
 stat: 152 gaIT 1.00. 1ok
0.8}
H . 0.6
1 ~ ‘.
Q 0.4}
- 027 1
; - i 1 02|
- 012 1
0.06 . i
SR FL RP 5P Gh
CVC Class
G T
- T = 9.764
e 57
. -930 | & N )
II'I II'I : t;‘) —-0.41}
— o — 2 0.6}
-0.8}
- A0}
stat: 212 gal
SR FL RP Sp R
CVC Class
: : K : 1.0
+ stat: 235 gal

ARe

- L .
. s | |
i . 0.2
I - 0.184
0 — — 0.0
SR FL RP S
CVC Class
T : O . 1.0
stat: 238 gal .
e — — 2 . 0.8
! - Q © 06
1 ( .
1
i - 5.53- 5.2 |
- - 448" o QJd 4
3 I
o | ;.CE
0.2
= = L
l 1 . R Y
SR FL RP SP

CVC Class

D T

mmlaw 093 __ o
-. "R
o - 0.68 !
! 1
f

. 062
1
stat: 141 gal
SR FL RP S]P
CVC Class

H

_I_

T |
. ! 014—017
0011 |

0141 '
, |

[
08f !
0.6 |

1
0.58 ' e . 0.4+ 1

' -
l
1
1
1
- f
+

-
stat: 212 gal
Si? FIL RIP SIP
CVC Class
L T T
stat: 224 gal

——

. - .
-- 0.59:
1

I

SR
CVC Class
P

stat: 212 gal

J —
1
] P
T 1
W T L
0.74 | i
. . .71

| -0.59 0.61I N

SR Fl: RP SP

CVC Class

CVC class correlates with
many properties of the
galaxies

-Slow-rising CVCs are typical for low-
mass, late-type (Sb—Sdm), young, faint,
metal-poor, and disk-dominated galaxies

-Sharp-peaked CVCs are typical for high-
mass, early-type (E1-E7), old, bright,
metal-rich, and bulge-dominated galaxies

-Flat and Round-peaked appear presented
by galaxies with intermediate properties

Kalinova et al., 2017, MNRAS, 469, 2539



SFR-M* diagram across Hubble sequence and CVC class

Dynamics-CVC Class

Hubble type
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5 classes based on the resolved [SII]-BPT
(Belfiore+2016):
star-forming (SF), central LIER (cLIER) ,
extended LIER (eLIER), merger, Seyfert (Sy)

LIER: Low lonisation Emission-line Region

We performed ELC on the 238 CALIFA
galaxies following similar criteria.

Few differences in our case:

-no mergers in this sample

-we use the three resolved [NIl]-, [SIl]-,[OIlll]- maps
and diagrams

-we distinguish between strong and weak AGN

-we adopt the Hqy -equivalent-width (WHq) criteria of
Cid Fernandes+201 |
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Emission-line classification of 231 CALIFA galaxies

Emission-line Class
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Emission-line classification vs. CVC classification for 238 galaxies
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CVC classification of 85 EDGE galaxies:

nary resultS
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CVC classification of 85 EDGE galaxies: Depletion time
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preNimind Emission-line classification of | | 7 EDGE galaxies:

Molecular gas mass surface density
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Emission-line classification of | | 7 EDGE galaxies: Depletion time
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Next step: Gathering HI, CO and [CII] data for CALIFA/EDGE sample of galaxies

VLA (Pl: Kalinova; Blitz; VWWong)
observed 2 galaxies in C-conf; 10

galaxies in B-conf; applied for a large

Effelsberg (Pl: Kalinova);
100 h granted (on-

H| going) program

data

f(?(T) :‘P'S:W"“g’ zt"m"); GMRT (PI: Kalinova)
glgrandte ongoing pilot project for 3

(completed) galaxies
To study Dark Matter Halo, SFE and density profiles from the Blue cloud to the Red sequence

CO APEX (PI: Colombo) CARMA (Bolatto et al.2017) ALMA (PI: Bolatto) SOFIA (PI: Bolatto)

and |30 h (completed) |77 galaxies observed plan for a large on-going project

[ C”] + 140h (on-going) 800 h granted program




To understand dynamics, formation and evolution of galaxies across cosmic time -
[CII] observations of nearby galaxies are needed

de Blok et al., 2016
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The “smoking gun” of an AGN star-formation quenching

presence
CALIFA wu.[A of AGN
Sui [M@ pc-z] — _\:\:fo [A]
0.25 0.50 0.75 1.00 1.25 1.50 1.Z5 . o i Y 1 5A
5
5.21- ‘2&
1 X 3
35.25 Missing

atomic | 6 A
— 5.204. X
0 | 14A
O, 45.43 45.42
(~) RA [deq]
a Zmol [M@ pc]

-20 =10 (i 1‘0 2‘0 30 40 I\/lissing
' ' molecular
gas
< K - . 35.214
45.50 45.45 45.40 45.35 45.30
RA [deg] 35204
lenticular galaxy NGC1167 | |
45.44 45.43 45.42 45.4 Kalanva Et a|_, N prep

RA [deg]



The “smoking gun” of an AGN star-formation quenching

presence
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evolutional sequential C 1
transition of CVC o1nc USIOHS

Quenched Star Forming | | ' e ok 4_ CVC classes show an evolutional sequential
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mass of the galaxies from disc to ellipsoid, lead to a high central
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